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FOREWORD 

The work presented in this  report was  performed by Kaman 
Aerospace Corporation  under Contract  DAAJ02-70-C-0012 
(Task  iF162204AA4301)   for the Eustis  Directorate,  U.   S.  Army 
Air Mobility Research and Development Laboratory,  Fort 
Eustis,  Virginia.    The program was  implemented under the 
technical  direction of Mr.  Joseph H.   McGarvey of the 
Reliability and Maintainability  Division*and Mr.   Arthur J. 
Gustaf son of the Structures Division.** The report is pre- 
sented in  four volumes,  each describing a separate phase of 
the basic theory of structural  dynamic testing using impedance 
techniques. 

Volume  I presents the  results of an  analytical and numerical 
investigation of the practicality of system identification 
using fewer measurement points  than there are degrees  of 
freedom.     The parameters  in Lagrange's equations of motion, 
mass,   stiffness,  and damping  for a mathematical model having 
fewer degrees of freedom than  the  linear elastic structure  it 
represents may be determined directly  from measured mobility 
data.     Volume  II describes the method of system identification 
wherein the necessary  impedance data are experimentally deter- 
mined by applying a force excitation  at a single point on 
the  structure.     Volume  III presents  a method of determining 
the  free-body dynamic responses   from data obtained on a con- 
strained structure.    Volume  1^ describes a method of 
obtaining the equations  for the combination of measured 
mobility matrices of a helicopter and  its subsysttms.     The 
response of the combination of a helicopter and its sub- 
systems  is  determined from data based on the experimental 
results of the main system and subsystems separately. 

^Division name changed to Military Operations Technology Division. 

»^Division name changed to Technology Applications Division. 
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interface points 

[*«]  Modal matrix of interface points on primary 
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INTRODUCTION 

The success of a helicopter structural design is highly 
dependent on the ability to predict and control the dynamic 
response of the fuselage and appended components.  An effec- 
tive dynamic analysis of complex systems should yield the 
response of the primary system and its associated subsystems. 
It is extremely desirable to analytically predict the com- 
plete response of a linear elastic structure due to the 
addition or alteration of particular components. 

This report describes a method whereby the dynamic response 
of the entire system can be determined from knowledge 
of the response of the main system and the subsystem sep- 
arately.  The formulation is predicated on the theory of 
structural dynamic testing using impedance technigues.  The 
analysis requires measured mobility matrices for the basic 
structure alone and free mobility matrices for the attached 
component.  Therefore, once the mobility matrices for the 
basic system are measured, they can be continually used in 
conjunction with the measured free mobilities for the various 
components connected to the main structure. 

It is anticipated, in practice, that the mobility matrix for 
the basic system would be obtained by the method of Volume II 
of this report and that the free mobilities for the components 
would be obtained by the method of Volume III. 

Specifically, in the present report the primary system was 
a 20-degree-of-freedom representation of an actual helicopter, 
and three types of subsystems were considered.  The sub- 
systems studied included a spring-mass system connected at 
a single point, a rigid inertial mass elastically attached 
at two points , and a beam elastically connected at three or 
more points.  The method employed simulated test data to 
represent the required experimental mobility data, and measure- 
ment errors were introduced to test the sensitivity of the 
theory to error. 

■ 
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THEORY 

Consider a finite degree of freedom simulation of an actual 
helicopter.  The impedance matrix for the system can be 
expressed in terms of mobilities 

''AA'I >2M1 

■»IM 

[YAAl|tYABl 

tYBAl|tYBB] 

-1 

[Y] 
-1 (1) 

The impedance of a subsystem to be attached to the primary 
system can also be expressed in terms of mobilities 

p) Sol   To I  ol 
[YB] 

-1 
(2) 

The mobility of the combined system is defined as the inverse 
of the impedance 

-1 

[Y]   = I A^ 

\L[ZBA1 

IZ
AB] 

fZEBl 

r »   ' 0    i       0 

+     i  n   L.  rl 
L

0 ![V (3) 

The product of the impedance matrix and the mobility matrix 
is the unit matrix 

[ZHYJ   -([Y]"1 +   [Yß]"1)   [Y]  =   [I] (4) 

Multiplying both sides of Equation (4) by [Y] and solving for 
[Y] yields 

[Y] - ([i] + [YHYg]"1) "1[r (5) 

Substituting the actual matrices into the matrix Equation (5), 
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■w 
tYBÄ' 

ÜSB1 

^BB1 

V 
[Y   "MY   1 LIAAJilIABJ 

IW.^BB^ 

^ÜAB1 

(6) 

Performing the indicated operations within the matrix inverse 
results in 

[Y    ] «[Y    1 l_AA_j__ABJ 

[Y     ] ![Y     1 lIBAJ llIBBJ 

-1 

0   i[Il+[YBB][YB] -1 

i • 

^AA1 I liAB] 

^BA1 I [*BB] 

[X] [Y] 

(7) 

To facilitate solution of the matrix Equation   (7),  the in- 
verse of the matrix on the right side of the equation 
must be evaluated.     Let 

[X^jtX^] 

lx21] i tx22] 

illJ.ÜABÜV 
-1 

[iiMY^HY,,]-1 

III! 0 

0 ![I] (8) 

Therefore 
,-1 -1, [X,,]  =   [I],   [YAB[Y  1       +   tX12]([Il  + YßB[YBl     )  = 0 

X21 = 0, [X22]([I]   +   t^gl^r1)   =   [II (9) 

Solving for the elements of the X matrix yields 

pilii^lgl 
^x21lI [x22] 

3= 
W\-   [\BUYBl        [I]   +   ^BB1 

0           [I]  +   [YBB][YB1                               J 
(10) 



Substituting the X matrix as expressed in Equation (10) into 
Equation (7) and expanding gives 

Equation (11) can be simplified to 

BB 
y y ABJ 

-Y t B 

Y L AB. 

(ID 

W4t-] 
_o |(HM1 BB 

(12) 

Equation   (12)   yields  the response of the complete system 
for force excitation at each position on the main system 
including the interface points.     Since the  force excitation 
on a helicopter ii.  usually  applied at one particular point, 
Equation   (12)   can be reduced,  yielding the  complete struc- 
tural response  for  forcing at a single point on the  structure, 
■.Thus, Equation   (12)   reduces  to a column of mobilities  for 
force excitation applied at position j  of the structure 

AA 
rBA 

.AA 

0 (NM 
-i 

BA 

(13) 

f:.p 
Y      represents the dynamic response of each position where _ 

primary system excluding the interface points and 
describes the response of the attachment points. 

It is possible to obtain the dynamic response for the complete 
system utilizing the modal matrix of the points of interest on 
the primary structure exclusive of attachment points, the 
modal matrix of the interface points and the complex modal 
mobility of the primary system and the free mobility of the 



appencHi subsystem.  These parameters can be obtained 
employing the techniques described in References 1 and 2. 
Following the method of Reference 2, the mobility of the 
main system exclusive of the subsystem connection points 
is given by 

^AB1 ' IV ^ lV (14) 

where the number of rows of the matrixj^jj corresponds to 
the number of points of interest on the      nain system, ex- 
clusive of the subsystem attachment points,  and the number 
of columns corresponds  to the number of modes  and is equal 
to the total  number of points of interest on the primfiry 
system including the  interface points.     Matrix]* lhas the 

:fic same number of columns  as  the number of connection points 
between the two systems and the identical number of columns 
as matrix 
point is y- The mobility of the subsystem attachment 

I
Y

BB
]
 = t$BmM[v (15) 

If Equations (14) and (15) are substituted in Equation (13), 
the result is 

AA 

BA 

f 

\lbb _ 

1 o 
p \ 

[*Ai rYM [*B] 

"":"v"" [tV 

+ [*B] ri*j [iB]^   1 jiBAj 
(16) 

ERROR ANALYSIS 

Measurements of  the  complex mobilities will be  subject to 
experimental  errors of various types,   including errors in 
equipment  calibration,  errors resulting from equipment 
incompatibility,   errors  due to extraneous  signals and errors 
due to random noise. 

Generally,   nil errois  can be classified as either random 
or bias.     The  random errors  are equally likely to be 
positive or negative, whereas the bias errors are 
systematic and in one direction only.     In the present study. 



r ■ 

both types of measurement error have been included.     The 
simulated experimental data were polluted with measurement 
errors of +5 percent random and 5 percent bias or both the 
real and imaginary components of displacement mobility. 

As indicated in Reference  3,   thero is no definitive prob- 
ability distribution for errors o': each type in impedance 
testing practice.     In the present analysis,  a random number 
generator was utilized with  a resultant uniform distribution 
o*:  random error.     The rectangular distribution of accidental 
type error between the selected limits  is very conservative 
compared to the usual definition of the limits at    hree 
standard deviations from the mean of a normal distribution. 



COMPUTER SIMULATION RESULTS 

A computer study to determine  the response of the  combination 
of a helicopter and its  subsystems based on the simulated 
test results of the individual  system and subsystems can be 
extremely useful in the development cycle of a helicopter. 
In the present  analysis,   a mathematical model was  established 
to provide for a wide range of crosw-coupling effects to 
simulate diverse subsystems.     The helicopter,  or main system, 
was  represented by a 20-degree-of-freedom mathematical model. 
Table I presents  a lumped mass  description of the  afore- 
mentioned specimen which was used to generate  the  simulated 
experimental data.     Three  types of subsystems were  incor- 
porated in the study,   represented as a spring-mass  system 
elastically connected at one point,  a rigid inertial mass 
elastically connected at two points and a beam elastically 
connected at three or more points.    Figure  1 shows the afore- 
mentioned subsystems. 

Figures 2 and 3 present the real and imaginary displacement 
mobility frequency response  for the main system-subsystem 
interface point for a spring-mass subsystem.     The  force 
excitation was  applied at Station 6, the hub ptation,  and 
the response was measured at Station 3,   the general area of 
the pilot seat,  and coincident with the subsystem attachment 
point.     Data are presented for conditions of zero experimental 
error and for simulated experimental displacement mobility 
data recorded with a random error of +5 percent and a bias 
error of +5 percent.     For the  cases involving error,  the 
random displacement mobility error was computed using a 
uniformly distributed probability density function.     This 
error was applied to both the  real and imaginary components 
of the main and  subsystem displacement mobility data.     As 
can be observed from Figures  2  and 3,  the method is extremely 
insensitive to the measurement error as applied herein. 
Figures 4 and 5  show the same  type data as given in the 
previous figures except  that the subsystem investigated was 
a rigid inertial mass elastical.ly attached to the main 
structure at two points.     Tha  interface points in this 
situation are located at Stations 1 and 2 of the main system. 
Again,  the  frequency response of the displacement mobility, 
both real and imaginary,   is effectively invariant with 
error  for the error level incorporated.     Figures  6  and 7 
present the same type results  for the beam subsystem elas- 
tically connected at three points.    The attachment points 
in this instance  are at Stations 1,  2,  and  3 of the main 
system.     The data substantiate the previous observations 
of the relative  insensitivity of the method to error. 
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I> K =  4000  LB/IN. 

~i~~/y\        M =  1.2   LB-SEC2/IN. 

SPRING-MASS SUBSYSTEM 

30" 

K, 

Kl  =  K2   ^   4000  LB/IN. 
y^(\  M =  1.2   LB-SEC2/IN. 

£t       I     JITVA  -  67.2   LB-SEC2-IN. LAA 

RIGID  INERTIAL  MASS   SUBSYSTEM 

Kl   "  K2  =:  K3  "  Kn 
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Figure 1.  Subsystem Representation. 
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The  effect of   a  spring-mass  subsystem on  the   response of   the 
20-degree-of-freedom mathematical  representation of the  heli- 
copter  is  shown  in   Figure   8.     A sinusoidal   force  excitation 
was  applied  at  the  hub  station,   and  the  real  displacement 
mobility  is   given   for  the basic  system alone   and   for the 
main system with   subsystem attached  at Station   3,   the pilot 
seat  location.     The   forcing  frequency was   9.2  Hertz, which is 
the calculated natural  frequency of  the  spring-mass  subsystem 
alone.     As would be  expected,   the  response  of  the   total 
system is  characterized by a nodal  point  at  the  interface 
station.     The effect of error is  also indicated on the  figure. 
The dispersion of the  results using the various  random 
error seeds  is within  an  acceptable  level.     Figure  9 
presents  similar  data as  Figure  8 except that the  forcing 
frequency is  20  Hertz.     The disturbing frequency is 
separated enough  from the  subsystem resonant   frequency that 
there is  essentially no difference  in the  system response 
with or  without  subsystem attached.     Figures   10  and  11 
illustrate the  influence of the  rigid inertial mass  subsystem 
on the  response of the combination of the basic helicopter 
representation and the appended subsystem.     The   forcing fre- 
quencies  used represent the approximate natural   frequencies 
of the  subsystem alone.     The effect of error can be observed 
from the   figures,   and the insensitivity of  the  analysis  to 
measurement error is  again visible.     The  response of the 
configuration,   consisting of the main  system and a beam elas- 
tically  connected at  three points on  the main structure,   is 
represented  in  Figure   12   for an  excitation   frequency of   10 
Hertz  and  in  Figure   13   for a  forcing  frequency of   30 Hertz. 
The figures  also yield  the effect of measurement error on 
the  system displacement mobility  response. 

The  results  shown  represent a small  number of the  computer 
simulation experiments  actually conducted.     For each of  the 
subsystem configurations  considered,   the   location of the 
attachment points  along  the  main system could  be  varied  cs 
long as   compatibility  between  the  systems  was  maintained. 
The  flexibility of  the  met'iod presented  in  this   report in 
determining the  response  of the  combination of   a helicopter 
and its  subsystems  based on  test  results  of  the   individual 
system and  subsystems  provides  a means  of modifying subsystem 
characteristics,   interface  locations  and  connection effects. 
A wide   range  of  cross-coupling effects  to   simulate  diverse 
subsystems  can be  analyzed  based on  the  measured  mobilities 
of  the  individual   subsystems,   since  the  mobility  data of   the 
main system,   once  measured,   remain  constant. 

A digital computer program listing in FORTRAN IV lancrudge 
and a description of the program input cards are given in 
the appendix. 
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CONCLUSIONS 

1. The response of the combination of a helicopter and 
its subsystems can be determined based on the test 
results of the individual system and subsystems. 

2. The method is insensitive to measurement error using 
simr.lated test data subjected to errors that are 
wi-hin the state of the measurement art. 

3. The method can be used to study a wide range of cross- 
coupling effects to simulate diverse subsystems. 

4. At a specific excitation frequency, once the mobility 
data for the main system are measured, they remain 
constant; thus, only the measured mobilities of the 
individual subsystems need be considered. 

5. The method provides an expedient means of modifying 
the subsystems appended to a helicopter at a develop- 
ment stage of the system. 

6. The method is amenable to experimental implementation 
and is numerically sound. 
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APPENDIX 
COMPUTER PROGRAM DESCRIPTION 

A digital program was prepared for determining the response 
of the combination of a helicopter and its subsystems based 
on the test results of the individual system and subsystems. 
The program was written for the IBM 360/40 disk operating 
system using FORTRAN IV language.  A flow chart depicting 
the program logic is shown in Figure 14.  A description of 
the input cards and a program source listing are presented 
in this appendix. 
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DESCRIPTION OF INPUT CARDS 

Note;  All integer variables must be right justified with 
no decimal point. 

Tape, Caid Reader and Printer Assignments 

1  Card Reader 

3  Pointer 

11 Contains free displacement mobility matrices for 
subsystem connection points. 

12 Contains displacement mobility matrices for primary 
system. 

All input data must be in the following units: 

2 
Mass - lb-sec /in. 

Stiffness - lb/in. 

Frequencies - Hz 

28 



-■- ^-'r-•'"■'"-:;---  I i»l«lJFlT*»,lWBi«|tW.l!?-,Ti!WW,MW/fM 

PROGhAM 
COMPONENT 

COMSYSA 
SYNTHESIS 

Cardvö) 1  Columns  1-10 

Card 

Card(s)  3 

NC0L 

1-10  PCTR 

11-20  PCTBR 

21-30  PCTI 

31-40 PCTBI 

41-50 

1-10 

M Number of interface points 
(Number of attachment points 
between subsystem and primary 
system (FORMAT 110) . 

MS Interface points, station 
numbers.  10 columns per 
value (Maximum 10 values). 
(FORMAT 8110). 
Primary system station 
number at which forcing 
function is applied (FORMAT 
110) . 

Random error applied to real 
mobility,  uniform between 
- and + PCTR* ELEMENT 
displacement. 
Bias error applied to real 
mobility.  PCTBR* ELEMENT 
displacement. 
Same as PCTR except applied 
to imaginary displacement 
mobility. 
Same as PCTBR except applied 
to imaginary displacement 
mobility. 

IZ Random error seed, used in 
generation of error. 

KEEP Stations to be used in 
primary system,  to columns 
per value, 8 values per card 
(FORMAT 8110). 
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COMPCKEM   SVNlHfcilS 

OIMEKSION MS(2OI.HI|7I.HEAO(20t«rUtiUu)»VR(2O.21l«VII2Ot2llf 
AV«aR(2Ui21t<V*bll20f21liVCCRI2ü«<.il.VcCl<20t21tfY«ARI20.2n4 
ttV*AII2Ü.21) tVBi)l20.2n tVei(20.^ii.MI-liOO).VCR(20t21)tVCI(20i21lt 
CVSRC2C» fVSIUOl ,KEEPJ20» 

RtAC   IlilOOl   H.IMSUIfl-l.HJ.Ncu«. 
100 fORHAI   (8110   ) 

REAO   (1.3001   PCIR.PCTBR.PCTl.Pi.rui.li 
MITE   (3.1101   PCTRfPCTBRtPCTdPUttltU 

110 FORMAT   ('l'.m.-rUX RANG ERROn u« KtAL 
A  UN  REAL ••f6,3,'   OF   ELEMErtf>•/riu,» 
BY«'Ft.3,21*'Oh   IMAGINARY-^Fb.S.iaA.'&tEO-MS///! 

REAC   (121   HT.HEAOtNF.^O 
N»NO-(» 
REAO   (1.100   I   (KEEPIII.I'l.N  I 
NERR>C 
DO  2SC (.al.NF 
IX-IZ«2*I 
REAC   (121   KZ(Li,((VR(l ,Ji.VI(!lj|.i«l.^O».J«l.NOI 
hRITE   (3.120   I   hltlt 

120 FORMAT   I • I'/TSO, «MAIN   SYSTEM D4>ft.MttMENT   MOBILITY 
AKARV FR£Q-»F8.2//» 

CALL   M0UT2   (VR.NO.NÜ  I 
CALL   M0UT2   (YI.MO.NO  I 
REAO   (lit   HF(LI.((YBR(I.JI.YBI(i,J),l>l.MI>J-l.MI 
HRITE   (3,13c;   HF(LI 

130 FORMAT   («I'/ISO.»     SUBSYSTEM Ol^icAcEMtNT  MOBILITY 
ANARY FREQ-*F7.2//) 

CALL   MÜUT2   (   YBR.M.M  I 
CALL   Ma(jT2   (   YBI.M.H   I 
IF(h2(LI-HF(LI)   140.150.140 

140  hRITE   (3.310) 
GO  TC 350 

MNP 
MNP 
MNP 
MNP 
MNP 
MNP 
MNP 
MNP 
MNP 
MNP 

•F6.3.10X.aBIAS  ERROR  MNP 
ON    IMAGINÄR   MNP 

MNP 
MNP 
MNf 
MNP 
MNP 

1MNP 
1MNP 
1MNP 
1HNP 

REAL. IMACIltNP 
1NNP 
1MNP 
1MNP 
1MNP 
1MNP 

REAL.INAGI1MNP 
1MNP 
1MNP 
1MNP 
1MNP 
1MNP 
1MNP 

ISO   IFIPCTR.NE.O.OR.PCTBR.NE.O.OR.Pk.lt.Nt.O.OR.PCTBI.KE.O I  NERR-1         IfhP 
IF   (NERR.NE. i   I   CO  TO   180 1MNP 
CALL  ERRNU   I V.iYl .PCTR.PCTBR.Pcti.PClBI.NO.NO«IX   ) 1MNP 

hRITE  (3.160   ) 1MNP 
160 FORMAT   (M'/TIS.'M^IN   SYSTEM OUfLAcfcrtENT   MOBILITY   WITH ERROR            1MNP 

AREAL. IMAGINARY          FK'EÖ-'FS^/ZJ 1MNP 
CALL   M0UT2   (   VR.NU.NO   I 1MNP 
CALL  M0UT2   (   VI.NO.NO   » 1MNP 
NRIIE   (3.170   ) 1MNP 

170 FORMAT   f'l'/TlS.*      SUBSYSTEM 01>PLACtNfcNT  NOBILITY  WITH EKROA            1MNP 
AREAL.IMAGINARY          FREO''F8.2//) 1MNP 

CALL  ERRNU   (YBR. YBI.PCTR.PCTBK.Pci 1 .PCTBI .NO.ND. IX   t 1MNP 
CALL   M0LT2   (   YBR.M.*   i 1MNP 
CALL   M0ÜT2   I   VBI.M.M   I 1MNP 

1MNP 
180 00   ISC   I«1.N 2MNP 

VAAR(I,ll-YR(KEEP(li.NrOL   ) 2MNP 
HO  VAAKI.lt-VKXEEPdl.NCOL   I 2MNP 

00  2CC   l«l.N 2MNP 
YCA(l,ll«YR(HS(l)fNCOL   ) 2MNP 

2ÜU  YCKI.lMYKMSdl.NCOL   ) 2MNP 

1 
2 
3 
4 
1 
e 
7 
8 
9 

1C 
11 
12 
13 
14 
1! 
16 
17 
18 
IS 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4» 
42 
43 
44 
45 
46 
47 
^.e 
49 
50 
51 
52 
53 
54 
55 
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UU   210   i«l.N 
0C  21C   JM.M 
VABHd.JI-VRIKEtPIII.NStJII 

210  VABIIliJI'VKKEEPdltNSIJM 
00  22C   1*1,* 
00  220   J'l.M 
VCCR(11JI■VRI MS(iitfS(JI I 

220 VCCIM.Jt-VItHSIll.NSUn 

230  K-N*l 
U>1 
CO 250 I 
VAAPIItl 
YAAHIt 1 
DO 240 J 
VABRII,J 

24Ü VABHItJ 
290 LL-LL«1 

CALL HOC 
CALL MOU 
CALL MÜU 
CALL  NOU 

CALL   MÜU 
CALL   MUU 
CALL   HUU 
CALL  MOO 
CALL  MAT 
CALL   MAT 
CALL  CIN 
CALL  CMM 
CALL   CNM 
CALL  MAT 
CALL   MAT 
WRITE   (3 

260  FORMAT   I 
A F8.2,» 
UINTERFAC 

WRITE   13 
00  27C   I 

270 WRITE   (3 
WRITE   13 
00  2 EC   I 

280  WRITE   13 
2S0 CONTINUE 
iOO  FORMAT! 
310 FORMAT   I 

A   INCCMPA 

K.NO 
-0. 
■0. 
ItM 
—rBRILL.JI 
—VB1ILL.J) 

(VAAR.NCil i 
l»AAI,NO,l I 
IVABR.NCtM I 
IVABItNOiM   I 

2   IVCR.M.l   I 
2   (VCitM.l   I 
2   IVCCR'NtM   I 
2   IVCCI.M.P   I 
S     IVBh.VCCH.M.M.l.   I 
S     (VBl.VCCI.M.M.l.   1 
IVBRtVBItM.YCCRtYCCI   i 

Y (YABR.YABl.YCCRtYCCitrtOfMtM.YR.YI   » 
Y I    YR.YI,VCR,YCI,N0,H,i,YABH,VA3I   I 
S   I    YAAR,YA8R,N0tl»-l.   I 
S   I   VAAI.YABI.NO,!,-!.   i 
2601   H2IL>.NC0L.(MS(i)«l-itM  I 
IVTlüt'OISPLACtMENT HMUU*     REAL.IMAG 

HERTZVT20,«FORCING  AT  rtAlN »VSTEM  STA«1! 
STA«MJ,,,',I3,»,«,1J////J 

320) 
UN 
340   I   YAARU.l» tYAAIUri* 
3301 
ItM 
340   I   ¥AAR(N*l,ll,YAAilN*l,li 

F10.4.110   » 
!•//•     FORCING FREQUENbict uF  MAIN BODY 
ABLE'/* JOB   TERMINAICOM 

320  FORMAT   I   20Xt'MAIN   SYSTEM  RESPui«Ac'/i 
33U FORMAT   (   20Xt•INTERFACE       RESPj<^c*/) 
J40 FORMAT   (   2UX•1P2El!.4i 
350 CALL   EXIT 

END 

2MNP 96 
3MNP 97 
3NNP 98 
3MM> 99 
2MNP 6C 
3MNP 61 
3MNP 62 
3MM> 63 
1MNP 64 
1MNP 6« 
1MNI» 6( 
2NNP 67 
2MNP 68 
2MNP 64 
3MNP 70 
3MNP 71 
3NNP 72 
2NNP 73 
1MNP 74 
1MMP 79 
1MNP 76 
1MNP 77 
tMNP 78 
1NNP 79 
1MNP 80 
IMfHP 81 
1MNP 82 
1MNP 83 
1MNP 84 
1MNP 89 
1MNP 86 
1MNP 87 
1MNP 86 
1MNP 84 
1MNP 90 
1HNP 91 

INARY       FREO-'        1NNP 92 
3/T20,«SUBSYSTEM   1MNP 93 

1MNP 94 
I MNP 99 
2MNP 96 
2MNP 97 
1NNP 96 
2MNP 99 
2MNP 100 
1MNP 101 

MNP 102 
AND  SUBSYSTEM ARE  MNP 103 

MNP 104 
MNP 109 
MNP 106 
MNP 107 
•"NP 108 
MNP 109 
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100 

SCBBCOTINt   NAIAS     I   A.BtNltNZ.»   I 
A0ÜITI0I« UF   MATRICES   AIN1.N2(   «na  o(Mi»N2l   STORED   IN  A 
CIMEKS10N  AI20.n.B(20.1l 
00   100  IMtNl 
00   ICC J«lfN2 
AlltJI«A(ltJI«S*8II.JI 
RETIRN 
END 

MAT 
••AT 
HAT 

IN AT 
2MAT 
2MAT 

MAT 
••AT 
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1 

-  ■ .^www^c-^r^-wW .W m\9.Vf. ■ » H-1 i< •> IM W»" W I» I I 
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iieCCLTiNt   ERRNO   (AfBtPCTR.PCTart.fclifPCTBI.   NJ.NPfIKI 

« BIAS ERROHt 
PCTB   IMATIO)   ON  AXPLITout,   ANU A  UNIFORM RANOON CRRC« 
hAVINb   4 ♦/-  MAXIMUM 0»-  Kwl   IkATIOI   ON  AMPLITUDE. 

tSES HANOU 

OIMEkSICN A|^0t21ltBI20t21l 
IHPCIH»   110,IOC,UC 

100   IFIPCTBRi   110,130,110 
110 00  12C  I-1,NJ 

ÜO  12C J-1,NP 
CALL RANOt IIX.IV.VFLI 
IX-IV 
t»l.C»2.0»PCf«»IVFL-Ü.5l»PCIBR 
AII.JI-AII,J»*E 
CALL  RANOU   IIX.IV.VFLI 
IX.IV 
E-1.C»2.0*PCT1   »IVFL-O.SI+PCTBl 

12U  BII.JI>BII«J)«E 
130  RLTtRK 

END 

ERR 
ERR 
EM 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 

1 
2 
3 
4 
5 
« 
7 
8 
9 

10 
1ERR     11 
2ERR     12 
2ERR 
2ERR 
2ERR 
2ERR 
2ERR 
2ERR 
2ERR 
2ERR 20 

ERR 21 
ERR     22 

13 
14 
1! 
It 
17 
18 
19 
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SbBKObTINI M0UT2  U,M»NI 
REAL AI20t21l 
IO>MlNU(h.lO) 
MITE  13.1001   lld-lflOl 

100 FOHMAT  (/T9.101121 
MITE  »3,1001 
00  11C  I-1,M 

110  MITE   13,1201   l,UII,JI.J«l.lOl 
120  FORMAT  II StSX,l(>10E12^l 

IF   I1D-KI   130,170.170 
130   I0-HINU»N,20» 

MITE  11.1001   11.1*11.10   I 
MITE  13.1001 
00   MC  l-l.M 

140  MITE  13,1201   I.UII.Ji.J-ll.lw  ) 
1FII0-NI   190,170,170 

190 MITE  13,1001   II,1-21,N  t 
MITE  13,100  i 
00  iec l-l.M 

160  MITE  13.120  I   1,1   All ,J), J-21,M 1 
170  BE TUN 

EM) 

NOT 
NOT 
MOT 
MOT 
MOT 
NOT 
1NOT 
1MOT 
MOT 
NOT 
NOT 
NOT 
NOT 
1N0T 
INOT 
NOT 
NOT 
NOT 
1M0T 
INOT 
MOT 
MOT 
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5M5«CtTI« MMPV   l«te.Nl.N2tN),wl WPV 
t HPY 
c C  -  « • o •<PV 
c A   INI   X  ,««! e  (N2  X N3I C   INI   X   Nil ••PV 
c 

REAL  *l20.21).at2Ü,2litC(2Ot21i 
00   ICO  1-1.N1 
00   ICC J«l,N3 
CII.JI-C. 

«PV 
UPV 

iupy 

2*py 
00  ICC K>l.h2 3NPY 10 

100 CII,J»-C(I,JI*A(I.KJ»BIK,J| JMPV u 
RETkM UPV 12 
ENO «pr 13 

\ 
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SOBRCtTINfc   INVRS 
A   >    INVtHSt   OF   B 

IB.Ni«! 
B   UNOUtuHObU 

OlMhNSiON   A(20.21ltOI2 0,21I.IRuatAi).lCOLI21I.BI20i21 
DO   iCC   I-l.N 
DO   ICC   J»ltN 

1UO  AlI.JI'BdtJI 

00   IK     l>l.N 

UU   ICULdl«! 
00   260  K>1,N 
AHAk'  AIK.KI 
OC    130   l«K,N 
00    13C   J»K,N 
IF(AbS(   All.JII-ABSlAHAXIIllb.i^ü.i^U 

UU   »MAX»   A(ItJI 
IC-I 
JC«J 

130 CONTINUE 
Kl-1CCL(KI 
iCUL(KI*ICOLIICI 
ICOLilCI«KI 
KlMMMIK) 
IKOMlKlalROlilJCI 
IROh(X)-Kl 
IFiAI'AXI   160tl«Cfl60 

I'.O   HHITE   l3fl9Ct 
15U  FOKNATI •   SOLUTICN OF   EXISTING  H«1K«A  NUT   POSSIBLE'» 

CO TC 330 
160  00   ITC   J'ltN 

E-AIK.JI 
AIK.JI'AIIC.JI 

ITU   AIIC.JI>E 
CO   1FC   S»lfN 
c=AI I.KI 
All ,KMA(I,JCI 

IdO   Al 1 .JCI<E 
00   2K   l«lfN 
1FI I-KI   2C0f 190.200 

1VU  Al I.H'l. 
GO TC 210 

2UU Al ItPt'O. 
210  CONTINUE 

PVT»AIK,KI 
DU   22C   J'l.H 

22J   AlK, JI'AIK.JI/PVT 
00   iiC   1 = 1.N 
IFIl-KI2JCl230«2i0 

2iÜ   AhULT-iil,K! 
UU   2«C   J<1.H 

2<.W   Al I , Ji-AI I.J|-AftULT*AtK.Ji 
ISO   CCNI INUt 

00   2tC   1'l.N 
26Ü     Al I.KI'AII.MI 

INV 
!•!• 
INV 
INV 

1INV 
2nv 
2 INV 
INV 

1INV 
IINV 
1INV 
IINV 
I INV 
2 INV 
3 INV 
3 INV 
31NV 
3 INV 
3 INV 
3 INV 
IINV 
IINV 
IINV 
IINV 
IINV 
IINV 
IINV 
IINV 
IINV 
IINV 
2 INV 
2 INV 
2 INV 
2 INV 
2INV 
2 INV 
2 INV 
2 INV 
2 INV 
2 INV 
2 INV 
2 INV 
2INV 
2 INV 
IINV 
2 INV 
2INV 
2 INV 
2 INV 
2 INV 
3 INV 
3INW 
2 INV 
2INV 
2 INV 5 c 
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1 

00 2SL 1=1 N 
00 HC   L>1 N 
IFIIkCHdl- -L(27U, 2fl0.2Tü 

27U CONTINUE 
260 00 2SC J-l -N 
290 oa,j»»A(i 

00 i2C   J-l 
00 3CC L>l 

.J» 

if ;ICCHJ» -L» 300 ,310,30 
300 COMINUfc 
310 00 320 I>1 .N 
320 AII.LI-CI1 .J) 
330 HETtHN 

ENO 

1INV 
21NV 
2INV 
2INV 
2iNV 
2INV 
1INV 
21NV 
2INV 
2INV 
2INV 
2INV 
INV 
INV 
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SliBKOUTlNfc   RANOU   (IX.ly.vFLJ 
THtS  SUBROUTINE   t> muH     SSP VERS.   II 

IV«IX*6993« 
IFIiVI IOCIUO.UO 

luü IV*IV«21474S3«4741 
llü  VFL-IV 

VFL-VFL*.<i6S6613E-9 
RETLRK 
fcNO 

RAN 
RAN 
RAN 
RAN 
RAN 
RAN 
RAN 
RAN 
RAN 
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SlibHCOTlNE   CINV   M.B.NtCOl 
C 
C 
C 
C 

C»I*0  ■   iiWcK^t   OF   A*I»Ö 
B   ASSUMcJ  Müh  SINGULAR 

REAL   AI20.21I.BI20t21liC(20t21l)JUOt^lltEI20t21l 
CALL   INVRSIbtMtCI 
CALL   MNPVICtAtNfNfNiE) 
CALL   MMPVUifciNtNifciCI 
00   ICC   I"ltN 
00   ICC  J-ltN 

10Ü  CllrJI>CCiiJ)*B(ItJt 
CALL   INVRSICtN.Ct 
CALL   mPVIEtOtNtNtKtCI 
00   110   I-liN 
00   110  J»lfN 

no on.ji—OU.JI 
RETURN 
END 

CIN 
CIN 

l«SQ«T(-ll          CIN 
CIN 
CIN 
CIN 
CIN 
CIN 
CIN 

1CIN 
2CIN 
2CIN 

CIN 
CIN 

1CIN 
2CIN 
2CIN 
CIN 
CIN 
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StBKCLUNE  CMHPV   U.B.C.O.Nl.lü.i«,t,|.   | 

CCt-PLtX   MATRIX fULT 
fc   ♦   l»P   -IA   ♦   I*BI*IC   ♦   l«Ol i 
*.B  AKE   Nl   X   N2 C.C  ARE  M  A  .^ 

SOR(-l) 
EtF   ARE Nl   X N3 

CNN 
CNN 
CNN 
CNN 
CNN 

CALt   ^NPV     U.C.Nl.M.NS.E   I 512 
CALL   MPV     «B,0.Nl,N2,N3,G   I ^ 
00   ICC   I»l,Nl C"" 
00   ICO  J»l,N3 lCm 

100 Eil.JI-EII.JI-Cd.JI "HU 
CALL  MMPV     IAf0.Nl,N2,N3fF   I 2^ 
CALL  KMPV   (   ß.C.Nl.W.M.C  I ^ 
00  110  1-1.Nl cm 

00   UC J-l,NJ JCMM 
HO HI,J»-FJl,JMG(l,JI «522 

RETURN Km 

EMO CHM 
CNN 

1 
2 
3 
A 
5 
6 
7 
8 
S 

10 
11 
12 
13 
1A 
15 
ie 
17 
ie 
IS 
20 
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